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DESCRIPTION 

Title of the Invention 

NICKEL-HYDRIDE BATTERY LIFE DETERMINING METHOD AND 
LIFE DETERMINING APPARATUS 

Technical Field 
[0001] 

The present invention relates to a life determining 
method of a nickel -hydride battery used for an uninterruptible 
power supply and the like, and a life determining apparatus 
adopting the method, and more particularly to a precise life 
determining method based on a behavior unique to the nickel - 
hydride battery. 

Background Art 
[0002] 

In an apparatus incorporating a backup battery such 
as an uninterruptible power supply (UPS), it is important to 
detect the life of the battery from the viewpoint of 
maintenance and inspection. In general, the deterioration of 
life of a nickel-hydride battery is mainly caused by corrosion 
of a hydrogen storage alloy of a negative electrode, but is 
often influenced by such factors as the use temperature, the 
number-of -discharges , the magnitude of load power in discharge, 
and the like. In this way, the factors for determining the 
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life of the battery are diversified, and hence, it is not easy 
to accurately determine the life of the battery in use. 
[0003] 

Conventionally, it is proposed to use an increase in 
the internal resistance at the end of life of the battery and 
a voltage change in discharge as parameters in order to 
determine the life of a nickel -hydride battery. For example, 
there are disclosed an apparatus which performs deterioration 
determination by calculating a gradient of discharge voltage 
values based on the distribution of the discharge voltage 
values corresponding to plural discharge current values (for 
example, patent document 1), and an apparatus which performs 
deterioration determination by relatively comparing values of 
internal resistance and battery voltage which are measured 
during discharge with their initial values (for example, 
patent document 2). In these life determination methods, 
attention is directed to a correlation of the internal 
resistance of the battery with the resultant voltage change 
and life of the nickel -hydride battery, and hence, \these 
methods are effective in that it is possible to estimate the 
life of the battery to some degrees in a short period time. 
[0004] 

On the other hand, there is proposed a method in 
which an expected life value of a battery is calculated from a 
discharge load power value and in which the difference between 
the expected life value and a life reduction amount calculated 
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as a linear function with the number -of -discharges as a 
variable is used as a remaining life value to determine the 
life of the battery (for example, patent document 3). This 
method makes it possible to use a highly precise expected life 
value by suitably correcting the value without forcibly making 
the battery discharge, and hence, is effective for a lead-acid 
battery, and the like. 

Patent document 1: Japanese Laid-Open Patent 
Publication No. 8-138759 

Patent document 2.: Japanese Laid-Open Patent 
Publication No. 2000-215923 

Patent document 3 : Japanese Laid-Open Patent 
Publication No. 2000-243459 



Disclosure of the Invention 

Problem To be Solved by the Invention 

[0005] 

However, in the methods disclosed in the patent 
documents 1 and 2, it is impossible to perform the life 
determination unless the internal resistance is increased to 
some extent. Further, in the methods, the discharge frequency, 
the battery temperature and the like which become causes of 
the life deterioration are not taken into consideration. 
Further, in the method disclosed in patent document 3, the 
formula used for the life determination is not a linear 
function with the number -of -discharges as a variable because 
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of the deterioration behavior (corrosion of the hydrogen 
storage alloy of the negative electrode) unique to the nickel- 
hydride battery. For this reason, in any case, there is a 
problem that the remaining life value is considerably deviated 
from the actual record value. 
[0006] 

The principal object of the invention is to provide 
a method for accurately determining the life of a nickel - 
hydride battery and an apparatus adopting the method. 

Means for Solving the Problem 
[0007] 

A first life determining method of a nickel -hydride 
battery according to the present invention comprises: 

(a) a step of preparing beforehand data representing 
a relationship of life of the battery to load power applied to 
the battery in discharge and environmental temperature of a 
place in which the battery is installed; 

(b) a step of measuring the load power and the 
environmental temperature of the battery in discharge; 

(c) a step of selecting a life value corresponding 
to the measured values of the load power and the environmental 
temperature from the data to set the life value as an expected 
life value; 

(d) a step of calculating a first life reduction 
amount from a natural logarithmic function with the number -of- 
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discharges of the battery as a variable; and 

(e) a step of setting a value obtained by 
subtracting the first life reduction amount from the expected 
life value to a remaining life value. 
[0008] 

As described above, the main cause of deterioration 
of life of a nickel -hydride battery is corrosion of a hydrogen 
storage alloy of a negative electrode. The hydrogen storage 
alloy is rapidly self pulverized owing to the volumetric 
change in accordance with storage and discharge of hydrogen in 
the initial charge and discharge. At this time, corrosion of 
the hydrogen storage alloy is accelerated, but the corrosion 
is suppressed in accordance with the settlement of the self 
pulverization after the number-of -discharges is increased. In 
contrast to a battery system such as a lead-acid battery in 
which charge and discharge are repeated by the dissolution and 
deposition of active materials, the life deterioration as a 
behavior unique to the nickel -hydride battery is expressed by 
a natural logarithmic function with the number-of -discharges 
as a variable. 
[0009] 

The present invention, in which attention is 
directed to this behavior, is to provide a life determining 
method capable of accurately determining the life of the 
nickel -hydride battery. 
[0010] 
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Specifically, when the expected life value is L 0 , 
the number-of -discharges is N, the first life reduction amount 
is Li, and the remaining life value is L, then the first life 
reduction amount is expressed by the following formula (1), 
and the remaining life value is expressed by the following 
formula ( 2 ) : 

L L = a x ln(b x N) + c (1) 

L = L 0 - Li --- (2) 

where a, b, c are constants, and In represents the natural 
logarithmic function . 
[0011] 

Since the life reduction amount increases in 
accordance with the degree of corrosion of the hydrogen 
storage alloy of the negative electrode, L L becomes small when 
the constitution condition of the battery is changed to 
suppress the corrosion or to reduce the effect of the 
corrosion. Note that the values of a, b of the constants a, b, 
c are changed by the constitution of the nickel -hydride 
battery, for example, by the thickness of the separator, but 
the value of c is almost constant in the nickel -hydride 
battery. 
[0012] 

A second life determining method according to the 
present invention is a method capable of more accurately 
determining the life of a nickel -hydride battery, and in the 
above described first method, further comprises: a step of 



7 



calculating an average value of battery temperatures measured 
at a fixed time interval during charge and discharge or during 
pause of the charge and discharge; a step of calculating a 
second life reduction amount from the product of the number - 
of -discharges and a value of an exponential function with the 
difference between the average value of battery temperature 
and the measured value of environmental temperature as a 
variable; and a step of performing life determination by using 
a value obtained by subtracting the first and second life 
reduction amounts from the above described expected life value 
as a remaining life value. 
[0013] 

The life of the nickel -hydride battery is 
exponentially reduced in accordance with the temperature rise 
of the battery itself. This is because corrosion of the 
hydrogen storage alloy is more accelerated under the high 
temperature than the normal temperature. By adding this 
factor to the first method according to the present invention, 
the life of the nickel -hydride battery can be more accurately 
determined. 
[0014] 

Specifically, when the expected life value is L 0 , 
the first life reduction amount is L 1# the number-of- 
discharges is N, the average value of the battery temperatures 
measured at a fixed time interval during charge and discharge 
or during pause of the charge and discharge is T m , the 



8 



environmental temperature at the time of calculating the 
expected life value is T 0 , the second life reduction amount is 
L 2 ; and the remaining life value is L, then the second life 
reduction amount is expressed by the following formula (3), 
and the remaining life value is expressed by the following 
formula ( 4 ) : 

L 2 = d x N x 2 ««o)/io] ... (3) 

L = L 0 - (L x + L 2 ) (4) 
where d is a constant. 
[0015] 

Since the second life reduction amount L 2 is changed 
in accordance with the average value of battery temperature, 
L 2 becomes small when the constitution condition of the 
battery is changed to suppress heat generation and to improve 
heat dissipation. Note that the constant d is an almost fixed 
value depending upon the kind of the battery. 
[0016] 

A third life determining method according to the 
present invention is a method capable of more accurately 
determining the life of a nickel -hydride battery, and in the 
above described second method, further comprises: a step of 
calculating a non -periodical expected life value from the 
product of the initial expected life value and a value of an 
exponential function with the difference between the measured 
value of environmental temperature and the average value of 
battery temperature as a variable; and a step of performing 
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life determination by using a value obtained by subtracting 
the first and second life reduction amounts from the non- 
periodical expected life value as a remaining life value. 
[0017] 

More strictly, the above described expected life 
value L 0 in the first and second methods (having the same 
meaning as the initial expected life value) is exponentially 
changed with the temperature history of the battery. By 
adding this factor to the second method according to the 
present invention, the life of the nickel -hydride battery can 
be more accurately determined. 
[0018] 

Specifically, when the initial expected life value 
is L 0 , the non -periodical expected life value is L ra , the first 
life reduction amount is L 1# the environmental temperature at 
the time of calculating the initial expected life value is T 0 , 
the average value of battery temperature during charge and 
discharge or during pause of the charge and discharge is T m , 
the second life reduction amount is L 2 , and the remaining life 
value is L, then the non -periodical expected life value is 
expressed by the following formula (5) and the remaining life 
value is expressed by the following formula (6). 

U = L 0 x 2 [(TO - Tta)/103 -- (5) 

L = hm - (Lx + L 2 ) --- (6) 

[0019] 

In the above described third method according to the 
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present invention, in order to calculate a life value from a 
value of load power applied to a nickel -hydride battery in 
discharge, data indicating a relationship of life of the 
battery to load power and environmental temperature are 
prepared beforehand, and a life value corresponding to 
measured values of load power and environmental temperature is 
selected from the data so as to be set as the expected life 
value, as a result of which the life estimation can be 
performed more accurately. Further, in the case where the 
nickel -hydride battery is performing its original backup 
function owing to real power interruption, correction relating 
to the battery life deteriorated by the discharge is performed, 
so that the life of the battery can be more precisely and 
accurately determined. 
[0020] 

Next, a life determining apparatus of a nickel- 
hydride battery according to the present invention comprises: 

storing means which stores data indicating a 
relationship of life of the battery to load power applied to 
the battery in discharge and environmental temperature in a 
place where the battery is installed; 

load power measuring means which measures the load 
power applied to the battery; 

environmental temperature measuring means which 
measures the environmental temperature; 

expected life value selecting means which selects as 



an expected life value, a life value corresponding to the load 
power and the environmental temperature which are measured, 
from the data stored in the storing means; 

number -of -discharges counting means which counts the 
number -of -discharges of the battery; 

first life reduction amount calculating means which 
calculates a first life reduction amount from a natural 
logarithmic function with the number-of -discharges counted by 
the number-of -discharges counting means as a variable; and 

remaining life value calculating means which 
calculates a remaining life value from the difference between 
the expected life value and the first life reduction amount. 

In the above described life determining apparatus 
according to the present invention, the influence of the 
backup discharge during power interruption upon the life of 
the battery can be reflected in the life determination of the 
battery by utilizing the first life reduction amount. 
[0021] 

A life determining apparatus according to the 
present invention, in addition to the above described 
constitution, further comprises: 

battery temperature measuring means which measures 
battery temperatures during charge and discharge or during 
pause of the charge and discharge at a fixed time interval; 

average value calculating means which calculates an 
average value of battery temperature from the measured battery 
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temperatures and the number of measurement; and 

second life reduction amount calculating means which 
calculates a second life reduction amount from the product of 
the number-of -discharges and a value of an exponential 
function with the difference between the average value of the 
battery temperature and the environmental temperature as a 
variable . 

In the above described life determining apparatus 
according to the present invention, the battery temperature 
can be reflected in the life determination of the battery by 
calculating the remaining life value from the difference 
between the expected life value and the first and second life 
reduction amounts, so that the accuracy of remaining life 
value can be further improved. 
[0022] 

A life determining apparatus according to the 
present invention, in addition to the above described 
constitution, further comprises 

non -periodical expected life value calculating means 
which selects a life value of battery corresponding to the 
measured load power and the measured environmental temperature 
from the data stored in the storing means to set the selected 
life value as an initial expected life value, and which 
calculates a non -periodical expected life value from the 
product of the initial expected life value and a value of an 
exponential function with the difference between the 
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environmental temperature and the average value of the battery 
temperature as a variable. 

In the above described life determining apparatus 
according to the present invention, the expected life value 
can be optimized as needed by calculating the remaining life 
value from the non- periodical expected life value, the first 
life reduction amount, and the second life reduction amount, 
as a result of which the accuracy of the remaining life value 
can be further improved. 
[0023] 

The above described life determining apparatus 
according to the present invention, can be made to function as 
a more efficient system by integrating each means of the life 
determining part with the battery, or by additionally 
providing means for displaying the remaining life value, means 
for communicating the remaining life value, or means for 
controlling the charging of the battery on the basis of the 
remaining life value. 

Effect of the Invention 
[0024] 

The life determining method and apparatus of a 
nickel -hydride battery according to the present invention is 
capable of precisely and accurately determine the life of a 
nickel -hydride battery incorporated in an uninterruptible 
power supply, even in the case where the discharge power, the 
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discharge frequency* the battery temperature and the like are 
different . 

Brief Description of the Drawings 
[0025] 

Fig. 1 is a block diagram showing a life determining 
apparatus of a nickel-hydride battery according to the present 
invention; 

Fig. 2 is a flow chart showing a life determining 
method of a nickel-hydride battery in an embodiment 1 
according to the present invention; 

Fig. 3 is a flow chart showing a life determining 
method of a nickel -hydride battery in an embodiment 2 
according to the present invention; and 

Fig. 4 is a flow chart showing a life determining 
method of a nickel -hydride battery in an embodiment 3 
according to the present invention. 

Best Mode for Carrying Out the Invention 
[0026] 

In the following, embodiments according to the 
present invention will be described with reference to the 
accompanying drawings . Note that the present invention can be 
practiced with proper modification without departing from the 
scope of the invention. 

Fig. 1 is a block diagram showing a life determining 
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apparatus according to the present invention . In Fig. 1. a 
life determining apparatus 1 is constituted of a life 
determining part 2 and a nickel -hydride battery 3 incorporated 
in an uninterruptible power supply. 
[0027] 

In the life determining part 2, there are 
incorporated: load power measuring means 4 which measures a 
value of load power; storing means 5 which stores data of a 
relationship between load power and battery life obtained 
beforehand at a fixed interval of environmental temperature in 
the form of a load power-battery life table; environmental 
temperature measuring means 6 which measures an environmental 
temperature of a place where the battery 3 is installed; 
expected life value calculating means 7 which selects an 
expected life value from the life data stored in the storing 
means 5 on the basis of the load power measured by the load 
power measuring means 4, and the environmental temperature 
measured by the environmental temperature measuring means 6; 
number-of -discharges counting means 8 which counts the number- 
of -discharges of the battery 3; battery temperature measuring 
means 9 which measures battery temperatures at a fixed time 
interval; average value calculating means 10 which calculates 
an average value by dividing the sum of the battery 
temperatures measured by the battery temperature measuring 
means 9 by the number of times of the measurements; remaining 
life displaying means 11 which displays a remaining life; a 
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control part 12; charging control means 13; and communication 

means 14. 

[0028] 

The control part 12 comprises: first life reduction 
amount calculating means 12a which converts information from 
the number-of -discharges counting means 6 counting the number- 
of -discharges to a life reduction amount; second life 
reduction amount calculating means 12b which converts the 
average value of battery temperature obtained by the average 
value calculating means 10 and information from the number-of - 
discharges measuring means 8 to a life reduction amount; non- 
periodical expected life value calculating means 12c which 
calculates a non- periodical expected life value by adding the 
information from the average value calculating means 10 to an 
initial expected life value read from the storing means 5; and 
remaining life value calculating means 12d. Note that 
reference numeral 15 denotes an uninterruptible power supply 
unit body. 
[0029] 

Next, each life determining method according to the 
present invention which uses the above described life 
determining apparatus will be specifically explained on the 
basis of a flow chart. 

Embodiment 1 
[0030] 
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Fig. 2 is a flow chart showing a first life 
determining method according to the present invention. 

When the nickel -hydride battery 3 incorporated in 
the uninterruptible power supply starts to discharge, the life 
determining apparatus 1 starts operating, so that an operation 
(route A) to obtain an initial expected life value L 0 , and an 
operation (route B) to obtain a first life reduction amount L x 
are started. 
[0031] 

The operation of route A is explained. A 
relationship between load power applied to the battery in 
discharge and battery life is obtained beforehand at each 
fixed interval of environmental temperature, and data of the 
relationship are stored as a load power-battery life table 20 
in the storing means 5 such as a memory. 

First, an environmental temperature T 0 of a place 
where the battery 3 is installed is measured by the 
environmental temperature measuring means 6 (step S21), and 
then a load power value is measured by the load power 
measuring means 4 (S22). Normally, a load power value is 
expressed by a time rate of discharge current representing a 
discharge rate. 
[0032] 

Next, the measured value of load power is collated 
with a value of the load power-battery life table 20 stored in 
the storing means 5 (S23), and an expected life value L 0 
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corresponding to the load power value is obtained from a table 
closest to the environmental temperature measured in S21. 
Then the obtained expected life value L 0 is outputted to the 
control part 12 (S24). 
[0033] 

Next, the operation of route B is explained. The 
number-of -discharges N of the battery 3 is obtained by the 
number-of -discharges counting means 6 (S25). The value N is 
outputted to the control part 12, and a first life reduction 
amount L L is obtained as a natural logarithmic function with 
the number-of -discharges N as a variable by the formula (1) in 
the first life reduction amount calculating means 12a, and 
outputted (S26). Then, on the basis of the initial expected 
life value L 0 and the first life reduction amount L L which are 
obtained, the remaining life value L is calculated by the 
formula (2) in the remaining life value calculating means 12d 
(S27) . 
[0034] 

The remaining life value L obtained in this way is 
outputted to the remaining life displaying means 11 from the 
control part 12, so as to inform a user of the remaining life 
by lighting LED and the like, by display on a display and the 
like, or by emitting a sound and the like. The remaining life 
value L is further sent to the uninterruptible power supply 
unit body 15 by the communication means 14, so that the 
charging of the nickel -hydride battery 3 which is currently 
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discharged is controlled by the charging control means 13. 
[0035] 

Note that since the nickel -hydride battery is 
generally installed in a place where the battery is hardly 
seen by the user, it is effective to provide the remaining 
life displaying means 11 in a peart which can be easily seen by 
the user similarly to the control part of the uninterruptible 
power supply unit body. 

Embodiment 2 
[0036] 

Fig. 3 is a flow chart showing a second life 
determining method according to the present invention. 

In the second life determining method according to 
the present invention, an operation of route C is added to the 
operation of routes A, B explained in the first life 
determining method. In the operation of route C, similarly to 
the route A, an environmental temperature T 0 is first measured 
by the environmental temperature measuring means 6 (S31), and 
the battery temperature is measured at every fixed time 
interval by the battery temperature measuring means 9 . 
Thereafter, an average value T m of the battery temperature is 
calculated in the average value calculating means 10 (S32). A 
second life reduction amount L 2 is calculated by the formula 
(3) using the average value T ro of battery temperature, the 
environmental temperature T 0 , and the number- of -discharges N 
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already measured in S25 in the route B (S33). Then, on the 
basis of the expected life value L 0 , the first life reduction 
amount Li, and the second life reduction amount L 2 which are 
obtained, a remaining life value L is calculated by the 
formula (4) in the remaining life value calculating means 12d 
(S34). The succeeding processing is similar to that of the 
first embodiment, and hence the explanation thereof is omitted. 

Embodiment 3 
[0037] 

Fig. 4 is a flow chart showing a third life 
determining method according to the present invention. 

In the third life determining method, the operation 
up to the step (S24) which calculates the initial expected 
life value L 0 in the operation of route A is the same as the 
operation in the first and second life determining methods, 
but the following operation is different from the operation in 
the first and second life determining methods. Specifically, 
the non- periodical expected life value calculating means 12c 
calculates a non -periodical expected life value Lm from the 
formula (5) using the environmental temperature T 0 measured in 
S21, and the average value T m of battery temperature 
calculated in S32 of the route C (S41). Then, in the 
remaining life value calculating means 12d, a remaining life 
value L is calculated to determine the life of the nickel - 
hydride battery by subtracting the first life reduction amount 
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Li and the second life reduction amount L 2 from the obtained 
non-periodical expected life value Lm (S42). The succeeding 
processing is similar to that of the embodiment 1. 
[0038] 

Next, in relation to the above described life 
determining method according to the present invention, 
examples in which the remaining life value is calculated under 
various conditions on the basis of each of the above described 
formulas, are explained. 

Example 1 
[0039] 

A positive electrode formed by filling spherical 
nickel hydroxide powder into three-dimensional porous nickel 
and a negative electrode formed by applying hydrogen storage 
alloy powder to a nickel plated punching metal are combined so 
as to make their theoretical capacity ratio to 1/2 (the ratio 
of the negative electrode to the positive electrode is set to 
2). Then, the electrodes are wound with a separator made of a 
sulfonated polypropylene nonwoven fabric so that an electrode 
group is formed . This electrode group is inserted into a 
nickel plated cylindrical iron can. After an electrolyte 
consisting of an aqueous solution of KOH and NaOH is poured 
into the can, the opening of the can is sealed with a sealing 
plate and a gasket. In this way, a cylindrical nickel -hydride 
battery A having a diameter of 17 mm, a height of 50 mm, a 



22 



separator thickness of 0.18 mm and the nominal capacity of 

1800 mAh is produced. 

[0040] 

This battery A is incorporated in the life 
determining apparatus shown in Fig. 1. Then, after the 
nickel -hydride battery integrated with the life determining 
apparatus is subjected to a sufficient number of initial 
activation cycles, the following charge and discharge test for 
the battery is performed under an atmosphere at 40°C. The 
expected life value (initial expected life value) L 0 is 
calculated in comparison with the life information of the 
battery extracted beforehand from the relationship between the 
environmental temperature and the discharge current value. 
[0041] 

Charge at 900 mA, stop the charge at the voltage 
drop of 5 mV from the maximum achievable voltage (so-called, 
-AV control system), and pause for 3 days. 

The above charge and pause cycle is repeated, and 
the discharge is performed at the discharge current of 1800 mA 
to a voltage of 1.0 V once for every ten cycles . At each 
point of time when the discharge is repeated 10 times, 30 
times and 50 times, the remaining life value L is calculated 
on the basis of the flow chart shown in Fig. 2. In the life 
determining apparatus, the end of the life of the nickel- 
hydride battery is determined at the point of time when the 
remaining capacity of the battery reaches 1080 mAh (60% of the 
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nominal capacity) . 
[0042] 

The expected life value L 0 , the environmental 
temperature and the discharge rate (represented by a time 
rate) which are used at the time of calculating the expected 
life value L 0 , and values of the constants a, b, c in the 
formula (1) used for life determination are shown in No. 1 in 
Table 1 . The calculation result of the remaining life value 
is shown in No . 1 of Table 2 . 

Example 2 
[0043] 

With the life determining apparatus in the example 1, 
the discharge rate is changed to the time rate x 5 and the 
time rate x 0.5, so that the remaining life value L is 
calculated on the basis of the flow chart shown in Fig. 2. 
The condition for calculating the expected life value L 0 and 
values of the constant a, b, c cure shown in Nos. 2 and 3 of 
Table 1, and the calculation results of the remaining life 
value L is shown in Nos. 2 and 3 of Table 2, respectively. 

Comparative example 1 
[0044] 

With the life determining apparatus and the battery 
of the example 1, the remaining life value is calculated under 
the same conditions as the examples 1, 2 by using a linear 
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function (L = L 0 - N) instead of the formulas (1) and (2). The 
conditions for calculating the remaining life value and the 
calculation results are shown in Nos. 9 to 11 of Tables 1 and 
2 , respectively . 

Example 3 
[0045] 

With the life determining apparatus and the battery 
of the example 1, the remaining life value L is calculated on 
the basis of the flow chart shown in Fig. 3 by using the 
formulas (3), (4). The condition including the value of the 
constant d in the formula (3) for calculating the remaining 
life value and the calculation result are shown in No. 4 of 
Tables 1 and 2, respectively. 

Example 4 
[0046] 

With the life determining apparatus and the battery 
of the example 1, the remaining life value L is calculated on 
the basis of the flow chart shown in Fig. 4 by using the 
formulas (5), (6). The condition for calculating the 
remaining life value and the calculation result are shown in 
No. 5 of Tables 1 and 2, respectively. Note that the average 
value T ra of the battery temperature is shown in Table 2 . 

Example 5 
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[0047] 

With the life determining apparatus and the battery 
of the example 1, the remaining life value is calculated under 
the same condition as the example 1 except that the 
environmental temperature is changed to 35°C. The condition 
for calculating the remaining life value and the calculation 
result are shown in No. 6 of Tables 1 and 2, respectively. 

Comparative example 2 
[0048] 

With the life determining apparatus and the battery 
of the example 5, the remaining life value is calculated by 
using the linear function (L = L 0 - N) . The condition for 
calculating the remaining life value and the calculation 
result are shown in No. 12 of Tables 1 and 2, respectively. 

Example 6 
[0049] 

A cylindrical nickel -hydride battery B having the 
same constitution as that of the example 1 except that the 
thickness of separator is 0.18 mm and the nominal capacity is 
1600 mAh, and a cylindrical nickel -hydride battery C having 
the same constitution as that of the example 1 except that the 
thickness of separator is 0.26 mm and the nominal capacity is 
1400 mAh, are produced. The remaining life values of these 
batteries are calculated under the same condition as that of 
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the example 1 . The condition for calculating the remaining 
life value and the calculation results are shown in Nos. 7 and 
8 of Tables 1 and 2. 

Comparative example 3 
[0050] 

With the life determining apparatus and the battery 
of the example 6, the remaining life value is calculated by 
using the linear function (L = L 0 - N). The condition for 
calculating the remaining life value and the calculation 
result are shown in Nos. 13 and 14 of Tables 1 and 2. 
[0051] 
[Table 1] 
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[0052] 

The deviation of the remaining life values L 
obtained in each of the examples and the comparative examples 
as described above from the actually measured values are shown 
by the number of cycles for each number -of -discharges N in 
Table 2. 
[0053] 
[Table 2] 



29 



Actually 


measured 
value 
(Cycle) 


8 


S 

1— 1 


s 


o 

ON 


O 

ON 


o 


OO 

ON 


o 

i-H 
i-H 


8 


s 

i-H 


OO 


o 

i— i 


OO 
ON 


0 


N=50 


Deviation 
(Cycle) 


O 
i-H 


o 

1— I 


i— » 
I 






uo 

r— < 


r- 


"9 


o 
ro 


o 

CO 


i-H 


*? 


59 


J? 


L 

(Cycle) 


O 


vo 


o 
co 




OO 

co 








O 

r-H 


<N 
(N 


o 

i-H 
I 


uo 
co 




0 


(Cycle) 


1 


• 


i 


1 


VO 

m 




1 


I 


I 




1 


i 


1 


1 


U 
(Cycle) 


1 


i 


i 


OO 


oo 


• 


1 


1 




i 


1 


i 


1 






I 


• 


i 


T— ( 


i— < 




■ 


1 


1 


i 


1 


• 






u 

(Cycle) 


o 


o 


o 


o 


o 


o 


OO 


vo 
co 


i 


i 


1 


• 


1 


■ 


N=30 


Deviation 
(Cycle) 






in 

i— 1 


°? 




i-H 




On 
i— t 
i 


o 

«? 


O 
<? 


i-H 


59 


59 




L 

fCvcle) 

l VT Wv I 


VO 




vo 

CO 




wo 


i-H 

OO 


i-H 
VO 


VO 


o 
m 




o 

i-H 


to 
wo 




S 


(Cycle) 


• 


1 


• 


i 


8 


1 


1 


1 




• 


1 


i 


1 


■ 


(Cycle) 


1 


1 


i 






1 




1 


■ 




1 




1 






1 


1 


■ 




O 


1 




1 




■ 


f 


• 


1 


1 


Li 
(Cycle) 














CN 

i-H 


On 
04 


■ 




1 


• 


1 


• 


N=10 


Deviation 
(Cycle) 


<N 

i-H 
1 


1—1 
1 




co 
i— i 


CO 

1— \ 
1 




T* 
i-H 
1 




o 
co 
i 


o 
co 
• 


i-H 


^9 


59 


1 


L 

(Cycle) 


OO 
VO 


O 
OO 




r- 

vo 




ro 

On 




OO 

r- 


o 


VO 


o 
co 




co 

VO 


0 
00 


(Cycle) 




1 


i 


i 


s 


■ 


1 






i 


■ 


i 


1 


• 


(Cycle) 


1 


1 


i 


i-H 


1—1 


• 


• 




• 


i 


i 


i 


■ 


1 








i 




o 
¥ 






i 


i 


i 




i 


1 


1 


L, 
(Cycle) 


°p 


°p 


°? 








i-H 
1 


<N 
i— t 


i 


• 




i 


1 


1 


No. 


i-H 




co 




*0 


vo 


r- 


OO 


ON 


O 


i—i 


CN 


CO 





30 



[0054] 

It can be seen from Table 2 that the deviation of 
the values of the comparative examples shown in Nos. 9 to 14 
from the actually measured values is significant, while the 
deviation of the values of the examples shown in Nos. 1 to 8 
from the actually measured values is small. This tendency is 
more significant as the number -of -discharges N is increased. 
As a reason for this tendency, it is considered that corrosion 
of the hydrogen storage alloy is settled by the repetition of 
the cycles and thereby can be approximated by a natural 
logarithmic function. 
[0055] 

Specifically, in the case of the present embodiment, 
this tendency is considered to be influenced by the fact that 
the battery is constituted so as to make the negative 
electrode theoretical capacity twice the positive electrode 
theoretical capacity, and thereby the life deterioration speed 
of the battery greatly deviates from the linear function to 
get closer to the natural logarithmic function. 
[0056] 

Also, as a reason for the fact that the 
determination results in Nos. 4 and 5 axe more accurate than 
those in Nos. 1 to 3 as the number-of -discharges N is 
increased, it is considered that the heat generation resulting 
from charge and discharge and the change of environmental 
temperature can be more easily taken into account. 



31 



[0057] 

In the present embodiment, a metallic battery can 
with relatively high heat dissipating characteristic is used, 
but in the case where a battery case made of a resin with 
relatively low heat dissipating characteristic, the effect of 
determination based on the formulas (3), (4) and the formulas 
( 5 ) , ( 6 ) is considered to become more remarkable . 
[0058] 

Further, in the present embodiment, the intermittent 
charging based on the -AV control system is selected as the 
battery charging method, but substantially the same effect can 
also be obtained even when the intermittent charging based 
such as on the dT/dt control system which is a temperature 
control system and on the timer control system is performed, 
or when the trickle charging is performed. 

Industrial Applicability 
[0059] 

The life determining method and apparatus according 
to the present invention are useful in the life determining 
method of a nickel-hydride battery used for example for an 
uninterruptible power supply and the like, and in the life 
determining apparatus using the method. 



